The alcohol-colorectal cancer (CRC) association may differ by sex and ADH1B and ADH1C genotypes. ADH enzymes oxidize ethanol to acetaldehyde, both of which are human carcinogens. The Netherlands Cohort Study includes 120 852 participants, aged 55-69 years at baseline (1986), and has 20.3 years follow-up (case-cohort: n subcohort = 4774; n cases = 4597). The baseline questionnaire included questions on alcohol intake at baseline and 5 years before. Using toenail DNA, available for ~75% of the cohort, we successfully genotyped six ADH1B and six ADH1C SNPs (n subcohort = 3897; n cases = 3558). Sex-and subsite-specific Cox hazard ratios and 95% confidence intervals for CRC were estimated comparing alcohol categories, genotypes within drinkers and alcohol categories within genotype strata. We used a dominant genetic model and adjusted for multiple testing. Alcohol intake increased CRC risk in both sexes, though in women only in the (proximal) colon when in excess of 30 g/day. In male drinkers, ADH1B rs4147536 increased (distal) colon cancer risk. In female drinkers, ADH1C rs283415 increased proximal colon cancer risk. ADH1B rs3811802 and ADH1C rs4147542 decreased CRC risk in heavy (>30 g/day) and stable drinkers (compared to 5 years before baseline), respectively. Rs3811802 and rs4147542 significantly modified the alcohol-colon cancer association in women (P for interaction = 0.004 and 0.02, respectively). A difference in associations between genotype strata was generally clearer in men than women. In conclusion, men showed increased CRC risks across subsites and alcohol intake levels, while only colon cancer risk was increased in women at heavy intake levels. ADH1B rs3811802 and ADH1C rs4147542 significantly modified the alcohol-colon cancer association in women.
Introduction
Alcohol intake is a known risk factor for colorectal cancer (CRC), both the colon and rectum, and various other cancers including cancers of the oral cavity, pharynx, larynx, esophagus, liver and female breast (1, 2) . Cancer risk has been shown to increase as the volume of alcohol consumed increases (3) . Sex differences may exist, with CRC risk being more strongly affected by alcohol intake in men than women (4) and a dose-response relation being less apparent in women than men (5) . While this may be due to a restriction of range effect because women consume less alcohol than men, part of these differences may also simply be due to the scarcity of studies on the alcohol-CRC association in women (4) .
The alcohol dehydrogenase (ADH) and aldehyde dehydrogenase (ALDH) gene families encode for enzymes responsible for the breakdown of alcohol in the body. Ethanol is oxidized by ADH to acetaldehyde, which is in turn oxidized by ALDH to acetate (6, 7) . The formation of acetaldehyde starts in the mouth and continues along the digestive tract, with the main production of acetaldehyde occurring in the liver and the gut (1) . Both ethanol and acetaldehyde have been classified as human carcinogens by the International Agency for Research on Cancer (IARC) (6) . Genetic variants [i.e. single nucleotide polymorphisms (SNPs)] in ADH and ALDH genes have been shown to affect enzyme activities resulting in a slower or faster conversion of ethanol to acetaldehyde and acetaldehyde to acetate (7, 8) . The ALDH2 rs671 gene variant strongly determines the slow rate at which most of the ethanol-derived acetaldehyde is oxidized, resulting in acetaldehyde accumulation when carrying the minor allele, especially when also carrying ADH genotypes associated with fast ethanol to acetaldehyde conversion, e.g. for ADH1B rs1229984. This results in the facial flushing syndrome known in Asian populations (7) . In Caucasians, however, the rs671 allele causing slow oxidation of acetaldehyde is largely absent (9) . ADH1B and ADH1C, on the other hand, have functional polymorphisms in Caucasian populations (7), but most previous epidemiological studies on SNPs in these genes and the risk of CRC had low sample sizes (10, 11) . In the absence of ALDH alleles causing slow oxidation of acetaldehyde, increased cancer risks may be explained by fast conversion of ethanol to acetaldehyde in the liver, resulting in higher systemic levels of acetaldehyde, potentially reaching the colorectum. Alternatively, slow conversion of ethanol to acetaldehyde in the liver results in ethanol circulating the blood for longer periods of time. Circulating ethanol may expose the colorectum to locally formed levels of acetaldehyde, depending on ADH activity in the colonic mucosa and conversion by intestinal bacteria (12) (13) (14) (15) . Therefore, in the absence of data on how much ethanol or acetaldehyde accumulates in the colorectum, an association between alcohol intake and CRC risk in both slow and fast ethanol metabolizers is conceivable.
The objective of this study was twofold in that we first aimed to investigate the alcohol-CRC association by sex and subsite, specifically addressing the limited evidence in women, and secondly we aimed to investigate whether this association was modified by genetic variants in ADH1B and ADH1C. ADH1B and ADH1C variants were also studied in relation to CRC risk by sex and subsite in drinkers, where an effect may be expected. The study setting was a prospective cohort including 120 852 participants, who were followed up for 20.3 years (16) . A former study in this cohort after 13.3 years follow-up found no evidence of an influence of alcohol on CRC risk, overall and by subsite, though the number of cases among the heavy drinkers was rather limited (i.e. ≥30 g of alcohol per day), hampering sex-specific analyses (17) . Another study in this cohort, investigating the alcohol-CRC association by ADH1C rs698 genotype strata after 7.3 years follow-up found no apparent evidence of effect modification, but the power was limited there as well (18) . Therefore, we reinvestigated the alcohol-CRC association by sex and subsite and possible effect modification by rs698 and other ADH1B and ADH1C tagSNPs after 20.3 years of follow-up. Recently, Dutch recommendations with respect to alcohol intake for cancer prevention have been modified: from a maximum of two drinks daily for men and one drink daily for women to no alcohol intake for both sexes (2, 19) , and if consuming alcohol, no more than one drink daily (19) . This revised recommendation may be particularly important for specific subgroups with an unfavorable genetic background.
Materials and methods

Design and study population
The Netherlands Cohort Study (NLCS) is a prospective cohort study which was initiated in 1986 and consists of 120 852 men and women who were aged 55-69 years old at baseline (16) . Study participants completed a baseline self-administered questionnaire on dietary habits, lifestyle factors and other risk factors for cancer. For efficiency reasons, the NLCS uses a case-cohort approach in which cases are enumerated from the entire cohort and the person-time at risk is estimated from a subcohort (20) . This subcohort, consisting of 5000 participants, was randomly selected immediately after baseline, independent of any exposure. After exclusion of participants who reported a history of cancer (other than skin cancer) at baseline, 4774 subcohort members were left. Follow-up of vital status and migration for these participants was done through the Central Bureau of Genealogy and the municipal population registries (>99.9% completeness). Follow-up for incident cancer cases was performed by record linkage to the Dutch Cancer Registry and PALGA (the Netherlands pathology database) (21, 22 ) (>96% completeness) (23) . After 20.3 years follow-up, 4597 CRC cases (ICD-O-3 codes C18-C20) were identified from the original cohort. The NLCS was approved by the institutional review boards of the Netherlands Organisation for Applied Scientific Research TNO (Zeist) and Maastricht University (Maastricht).
Exposure assessment
The baseline questionnaire included a 150-item semi-quantitative food frequency questionnaire (FFQ) containing questions on diet and alcohol intake. In addition to the questionnaire, participants in the NLCS were asked to return toenail clippings. Roughly 90 000 (~75%) of NLCS participants provided toenail clippings which were used as a source of DNA for genotyping (24, 25) . Using 20.3 years follow-up in the NLCS, DNA samples were available for 3558 CRC cases and 3897 subcohort members.
Alcohol intake and covariates
Alcohol intake during the year preceding the start of the study was measured by questions on six different types of alcohol: beer; red wine; white wine; sherry and other fortified wines; liquor types containing on average 16% alcohol; (Dutch) gin, brandy and whiskey. Participants were asked about the number of glasses they consumed during each drinking session and their usual frequency of alcohol drinking. Additionally, for the categories 'beer' and 'other alcoholic beverages', participants were asked to recall if they drank more, less, or the same amount of alcohol 5 years before baseline. The total amount of daily alcohol intake (g/day) was calculated using the information about how often the participants drank alcohol, the number of glasses they consumed during each drinking session and the types of alcohol they drank (i.e. their alcoholic content). We defined two alcohol categories: light-moderate alcohol intake as drinking >0 to <30 g of alcohol per day (>0 to <3 glasses of alcohol per day) and heavy alcohol intake as drinking 30 or more grams of alcohol per day (≥3 glasses of alcohol per day). Information on other covariates that were considered potential confounders on the basis of previous research was also available from the baseline questionnaire. The FFQ was validated against a 9-day diet record (26) and was tested for reproducibility (27) . The adjusted Spearman correlation coefficient between mean daily alcohol intake assessed by the FFQ and that estimated from the 9-day diet record was 0.89 for all participants and 0.85 for users of alcoholic beverages. The absolute amount of alcohol reported in the FFQ by users of alcoholic beverages was, on average, 86% of that reported in the 9-day diet record (26) .
Selection and genotyping of tagging SNPs
Tagging SNPs (tagSNPs) within ADH1B and ADH1C (including 5 kb up-and downstream) were selected as to potentially cover all of the genetic variation in these genes with a minor allele frequency of 5% or higher. In total, (28) . SNPs were genotyped using 50 ng of toenail DNA per participant, which was carried out using the iPLEX TM assay for the MassARRAY® system (Agena Bioscience GmbH, Hamburg, Germany). Samples had a mean call rate of 97.1% (as based on the 13 SNPs in ADH1B and ADH1C studied here and 10 other SNPs that were included in the assay). SNP call rates were 94% or higher, except for rs4147542, which had a SNP call rate of 87%. Two SNPs, ADH1C rs4699741 and ADH1C rs9307239, violated HardyWeinberg equilibrium. When using a significance threshold of 0.05, one in twenty SNPs may be expected to show a violation on the basis of chance alone. Although two SNPs exceed this expectation by chance and we cannot check conditions needed for Hardy-Weinberg, e.g. random mating, all SNPs were genotyped using a single assay, which makes it unlikely that these violations represent genotyping errors. Therefore, we conservatively refrained from excluding these SNPs from the analysis. Genotyping for ADH1B rs17033 was unsuccessful (i.e. only the T allele was amplified) and therefore not included in our analyses as originally intended. Consequently, we used six ADH1B tagSNPs covering 76% of the genetic variation in ADH1B and six ADH1C tagSNPs covering 96% of the genetic variation in ADH1C.
Abbreviations
Statistical analysis
Statistical analyses were carried out using Cox regression to calculate hazard ratios (HR) and corresponding 95% confidence intervals (95% CI) for CRC by sex and subsite. Standard errors were estimated using the HuberWhite sandwich estimator to account for additional variance introduced by sampling the subcohort from the entire cohort. ADH1B and ADH1C genotypes were defined according to a dominant model for reasons of power. Categories of total alcohol intake (0.1-29 and ≥30 g/day) were compared relative to abstaining (0 g/day). Trends were evaluated by including categorical variables as continuous variables in the Cox regression model. The proportional hazards assumption was tested using the scaled Schoenfeld residuals and by visually inspecting the −log-log transformed hazard curves. Multiplicative interactions were tested using the Wald test. All tests (two-tailed) were performed using Stata (version 14) and differences were regarded as statistically significant at P < 0.05.
Marginal effects of alcohol intake on CRC
Multivariable-adjusted models were used to study the alcohol-CRC associations. The covariates included were either a priori-selected risk factors based on the literature or variables that changed the HRs by at least 10% (using a backwards stepwise procedure). This resulted in the following confounder set: age (years), BMI (kg/m 2 ), smoking (never/ex/current), family history of CRC (yes/no), meat intake (g/day), processed meat intake (g/day), folate intake (µg/day) and physical activity based on baseline nonoccupational physical activity (min/day) (29) . Participants with incomplete or inconsistent questionnaires and missing information on alcohol intake and/or the predefined confounding factors were excluded from the analysis, leaving 4125 subcohort members and 3996 CRC cases (see Figure 1 ).
Associations between ADH1B and ADH1C tagSNPs and CRC risk in drinkers
We studied individual SNPs in relation to CRC risk in drinkers. Although small amounts of ethanol are produced endogenously, especially in the gastrointestinal tract (1), an effect of SNPs in alcohol-metabolizing genes may be expected in drinkers foremost as this is the group where the substrate (alcohol) is available. We conservatively refrained from adjusting for factors other than age because it is unlikely that ADH1B and ADH1C genotypes are influenced by CRC risk factors in lifestyle and diet. Participants were excluded from the analysis if no toenail DNA sample was available, the sample call rate was less than 90%, the baseline questionnaire was incomplete or inconsistent, or information on alcohol intake was missing (see Figure 1 ).This resulted in 2526 subcohort members and 2491 CRC cases.
Effect modification of the alcohol-CRC association by ADH1B and ADH1C tagSNPs
Multivariable-adjusted models were used to study effect modification of the alcohol-CRC association by ADH1B and ADH1C tagSNPs, using the confounder set as described for the alcohol-CRC analyses. After excluding participants without available DNA samples, with a sample call rate of less than 90%, with incomplete or inconsistent questionnaires and without complete information on alcohol intake and/or the predefined confounding factors, 3150 subcohort members and 2985 CRC cases were left for analysis (see Figure 1 ).
Multiple testing
Because multiple tests were conducted within each gene, we applied the false discovery rate (FDR) control method of Benjamini and Hochberg (30, 31) to address the issue of multiple testing. To accomplish this, P-values calculated from our analyses were ranked in ascending order. Gene-and endpoint-specific Benjamini adjusted P-values were calculated by dividing the P-value rank order by the total number of P-values and then multiplying this number by the FDR [i.e. the recommended 20% (32)]. If the original P-value was less than 0.05 and fell below the adjusted P-value, it was considered significant.
Sensitivity analyses
Drinking patterns over a longer duration of time may influence CRC risk differently or more profoundly than when evaluated on a single time point. For instance, stronger alcohol-CRC associations may be expected in those with a relatively constant long-term exposure to alcohol. As the NLCS has data available on alcohol intake 5 years before baseline, we conducted sensitivity analyses using these data. This included restricting the analyses on alcohol-CRC associations and effect modification to participants who reported to have had the same alcohol intake 5 years before baseline, which included abstainers on both occasions (i.e. the stable subgroup). For the SNP-CRC analyses in drinkers, this included restriction to those drinking equal amounts of alcohol 5 years before baseline (i.e. the stable drinkers). We also evaluated whether there may be a threshold level of alcohol intake at which individual SNPs start to influence CRC risk by stratifying SNP-CRC associations on alcohol intake level (light-moderate and heavy). Furthermore, because changes in reported alcohol intake may indicate underlying reasons such as health issues or exposure misclassification, possibly due to underreporting, we repeated the alcohol-CRC analyses restricting once to baseline drinkers who reported drinking less alcohol 5 years before baseline and once to baseline drinkers who reported drinking more alcohol 5 years before baseline. Finally, we checked for the risk of protopathic bias by excluding the first 2 years of follow-up (with no essential changes in results), as this may be especially likely when investigating alcohol intake in relation to cancer risk. Table 1 shows the baseline characteristics of subcohort members and CRC cases. As regards alcohol intake, men were less often abstainers as compared to women and men were more likely to consume higher levels of alcohol than women, especially male CRC cases.
Results
Baseline characteristics
Marginal effects of alcohol intake on CRC
Alcohol intake was positively associated with CRC risk in both men and women ( In men, colon and rectal cancer risks were both increased and there were also non-significantly increased risks in men who consumed a light-moderate amount of alcohol versus abstainers Participants who reported drinking the same amount of alcohol intake at baseline and 5 years before baseline, including those who reported to be abstainers on both occasions.
[HR light-moderate drinkers versus abstainers (95% CI When restricting to the stable subgroup, more pronounced associations were observed between alcohol intake and CRC risk in men, while statistically significant associations were no longer observed in women, but this may be explained by limited power. Remarkably, male heavy drinkers as compared to light-moderate drinkers reporting more alcohol intake 5 years before baseline had decreased CRC risks across subsites. Possibly, men who still reported to be heavy drinkers at baseline endure alcohol better than light-moderate drinkers who reported more alcohol intake 5 years before baseline. In the subanalysis in male drinkers reporting less alcohol intake 5 years before baseline, HRs were around the null for heavy drinkers as compared to light-moderate drinkers. In female drinkers who reported more and those who reported less alcohol intake 5 years before baseline, (non-significantly) increased risks of CRC were observed for heavy drinkers as compared to light-moderate drinkers, though the power was limited.
Associations between ADH1B and ADH1C tagSNPs and CRC risk in drinkers Tables 3 and 4 show associations between ADH1B and ADH1C tagSNPs and CRC risk overall and by subsite in male and female drinkers, respectively, as analyzed according to a dominant model. Only FDR significant results will be mentioned below. Effect modification of the alcohol-CRC association by ADH1B and ADH1C tagSNPs Table 3 , available at Carcinogenesis Online), only the interaction between alcohol intake and ADH1C rs4147542 in relation to CRC risk in women remained significant after FDR correction. In addition, in men, results were more pronounced, showing stronger increased HRs for CRC in heavy drinkers as compared with abstainers and more significant positive trends. Supplementary Tables 4-7, available at Carcinogenesis Online, show the associations between alcohol intake and the risk of CRC by subsite, i.e. the colon, proximal colon, distal colon and rectum, in men and women, stratified by genotype. After FDR correction, the only statistically significant interactions observed were those between alcohol intake and ADH1B rs3811802 and ADH1C rs4147542 in relation to (proximal) colon cancer in women, consistent with the interactions observed for CRC in women. In men, a difference in associations was observed between genotype strata, when considering alcohol intake in relation to the risk of colon and proximal colon cancer, and, in particular, rectal cancer, but less so or not in relation to distal colon cancer. In women, the power was limited in analyses for distal colon and rectal cancer, hampering a proper comparison.
Discussion
This study addressed the lack of evidence regarding alcohol intake and CRC risk in women and found alcohol to be a CRC risk factor in men and women. Associations with CRC differed by sex. Alcohol intake increased CRC risk (non-)significantly at light-moderate and heavy intake levels across subsites in men. Only when alcohol intake exceeded 30 g/day, we observed increased colon cancer risks, particularly for the proximal colon, in women. We studied associations in ADH1B and ADH1C genetic subgroups, because these may be particularly susceptible to the deleterious effects of alcohol on CRC risk. ADH1B rs3811802 and ADH1C rs4147542 modified the association between alcohol intake and the risk of colorectal, colon and proximal colon cancer in women after FDR correction. The alcohol-CRC associations observed in genotype strata generally aligned with overall alcohol-CRC associations. A difference in associations between genotype strata was generally clearer in men than women but significant effect modification was only present in women. Restricting to participants with equal alcohol intake amounts 5 years before baseline resulted in (more) significant positive linear trends across alcohol intake categories within genotype strata in men but not women. Furthermore, ADH1B rs4147536 and ADH1C rs283415-which was in strong linkage disequilibrium (LD) with the commonly investigated ADH1C rs698 (r 2 = 0.9) in our data-were associated with an increased cancer risk at colon subsites in male and female drinkers, respectively, after FDR correction. ADH1B rs3811802 and ADH1C rs4147542 were associated with a decreased CRC risk in female heavy and stable drinkers, respectively, after FDR correction. These results substantiate the interplay between alcohol intake, ADH1B and ADH1C in relation to CRC risk. A potential sex difference in intake levels at which alcohol intake increases CRC risk may in part be explained by differences in drinking pattern. Men perhaps are more likely to be more regular consumers than women. Regular alcohol exposure may be especially deleterious and may also increase CRC risk at light-moderate levels (33) . In addition, sex differences in first-pass metabolism of alcohol (i.e. presystemic elimination of ethanol in, predominantly, the stomach and liver (34)) and ADH activity could lead to sex differences in the CRC risk associated with alcohol intake (35) . Women have prolonged, higher blood ethanol concentrations than men upon similar intake levels due to differences in elimination of alcohol (i.e. the volume distribution is higher in men than women) (35) . However, based on this, one would expect women to be affected by alcohol at lower intake levels than men, whereas we found a nonsignificant association with CRC risk at light-moderate alcohol intake levels in men but not women. A more plausible explanation, therefore, may be that there are interactions between alcohol intake and sex-specific factors. For example, women might be protected from the adverse effects of alcohol at lightmoderate intake levels through a positive relationship between alcohol intake and estradiol levels (35) . Increased estradiol levels were found to be protective against CRC in women (36,37). Alternatively, as suggested by Klatsky et al. (38) , an increased risk of cancer among light-moderate drinkers may be due in part to the underreporting of heavy alcohol intake. This could explain the associations observed with light-moderate alcohol intake in men as the percentage of heavy drinkers is higher in men than women (even though underreporting may be expected more in women than men due to social desirability standards). Finally, the fact that a sex difference was very pronounced in relation to rectal cancer could indicate that there may have been some residual confounding by smoking, even after adjusting for smoking. Smoking has been more strongly associated with rectal cancer than colon cancer risk (39) , and smoking correlated more strongly with alcohol intake in men than women [88% of male drinkers as compared to 48% of female drinkers in the subcohort were ever smokers].
We found that the association between alcohol intake and (proximal) colon cancer risk in women was significantly modified by ADH1B rs3811802 and ADH1C rs4147542 after FDR correction. The SNPs selected in this study were not selected on the basis of that these were strong causal variants per se, but on the basis of that these common SNPs (minor allele frequency >5%) tag the genetic variation in ADH1B and ADH1C. Considering that tagSNPs generally confer only minor risks, which may be explained by imperfect correlations with true causal variants and gene-gene interactions, it is difficult to show significance in gene-environment interaction studies, even with large sample sizes (40) . Therefore, it may be considered remarkable that two SNPs modified the association between alcohol intake and (proximal) colon cancer risk in women after FDR correction. Especially ADH1C rs4147542 is noteworthy in this regard since it can be linked to functional evidence: it is an expression quantitative trait locus (eQTL) for ADH1C in several tissues including the transverse colon (41) , and has been reported to be a methylation quantitative trait locus (mQTL) (42) . DNA methylation might, in part, underlie our finding of a gene-environment interaction between rs4147542 and alcohol intake which was specific to proximal colon cancer risk and to women, in which the CpG island methylator phenotype (CIMP) is present more often (43, 44) . Curtin et al. (45) showed that ADH1C rs698 was associated with CRCs positive for CIMP in those with low folate intake. Alcohol may influence DNA methylation levels via influencing one-carbon metabolism (46) , and folate is an important methyl donor. On the other hand, other studies have not specifically linked alcohol intake to CIMP in CRC (47) (48) (49) . Of the four other tagSNPs (ADH1B rs4147536 and rs3811802 and ADH1C rs283415 and rs4147542) that were associated with CRC risk in drinkers-also suggesting interplay between alcohol intake, ADH1B and ADH1C, and CRC risk-rs283415 is in strong LD with the commonly investigated rs698, for which functional evidence is available. ADH1C rs698 C-allele carriers who also carry the rs1693482 A-allele, encoding Ile350Val and Arg272Gln substitutions, respectively (50), have a ~2.5 times slower alcohol metabolizing rate (51, 52) and were found to be at an increased risk of alcohol dependence in Asian populations (7) . However, the evidence linking rs698 to cancer was judged inconclusive by IARC due to the small number of studies (1) . A meta-analysis of 35 case-control studies comparing rs698 slow with faster alcohol metabolizers found an association with the risk of cancer overall in African and Asian but not European populations (53) . This suggests ethnicity is an important factor to take into account. For example, in Caucasian populations there is uncertainty around whether slow or fast alcohol metabolizers are at an increased CRC risk. Although Caucasians carry ADH alleles affecting ethanol oxidation, they lack ADH alleles causing very fast oxidation of ethanol and also lack ALDH alleles causing slow oxidation of acetaldehyde. As such, conflicting results may have emerged from Caucasian studies on rs698 (54, 55) in the absence of data on how much ethanol or acetaldehyde accumulates in the colorectum, as explained in the introduction.
Strengths of the present study include the population-based prospective design and long follow-up, yielding large case numbers and making selection and information bias unlikely. In addition, the NLCS contains information on alcohol intake at baseline as well as 5 years before baseline, allowing us to investigate whether drinking patterns or fluctuations in alcohol intake affected the studied associations. Information on potential confounders was based on a single baseline measurement, and although changes over time cannot be excluded, the NLCS population has been found stable in its dietary habits (16) . Importantly, the elaborate available baseline information enabled us to adjust for a large set of relevant confounders. This is essential considering that individuals who consume higher levels of alcohol may in general have an unhealthier lifestyle than those who have lower intake levels. Furthermore, the high genotyping quality may also be considered as a strength.
In conclusion, as opposed to men who showed increased CRC risks across subsites and alcohol intake levels, alcohol intake only increased colon cancer risk in women and only at heavy intake levels. ADH1B rs3811802 and ADH1C rs4147542 modified the alcohol-CRC association in women. These data indicate that alcohol may be a particularly important CRC risk factor in specific genetic subgroups. Previous literature indicates a functional role of rs4147542, supporting our finding of an effect of this variant on alcohol-associated colorectal carcinogenesis and strengthening our confidence in covering relevant genetic variation in ADH1B and ADH1C.
Supplementary material
Supplementary data are available at Carcinogenesis online. 
